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Claim Objections 

Claims 4 and 5 are objected to because of the following informalities: Claim 4 is 
a duplicate of claim 5. Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-5, 7-11 and 14-16 are rejected under 35 U.S.C. 103(a) as being 

unpatentable over Kim et al. (US Pat. 2004/0214446) in view of Stojakovic et al (US 

Pat. 2005/0051820). 

The present claim generally requires a method of forming an oxidized tantalum 
nitride hard mask for dual damascene processing, the method comprising providing a 
semiconductor wafer, the wafer comprising: a base dielectric layer, a cap layer overlying 
the base dielectric layer, a dielectric layer overlying the cap layer, one or more hard 
mask layer overlying the dielectric layer and a tantalum nitride layer overlying the hard 
mask layers, subjecting the tantalum nitride layer to an oxidation process to convert 
tantalum nitride layer to oxidized tantalum nitride (TaO x N x ). 

Regarding claim 1 , Figure 1 of Kim et al. discloses a semiconductor wafer 
comprising a dielectric layer 105, a cap layer 110, overlying the base dielectric a 
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dielectric layer 1 12, overlying the cap layer a hard mask layer 1 14, overlying the 
dielectric layer and forming trench 116 (See page. 5, paragraph [0060-62]), a tantalum 
nitride layer 324 overlying the hard mask layer (See page. 8, paragraph [0086]). 

Kim et al. discloses all of the claimed features as stated above except for forming 
a tantalum nitride layer overlying the hard mask layers and subjecting the tantalum 
nitride layer to an oxidation process to convert tantalum nitride layer to oxidized 
tantalum nitride (TaO x N x ). 

Stojakovic et al. discloses exposing a multiple hard mask layer such as a 
tantalum nitride layer to an oxidation process to convert the tantalum nitride layer to 
oxidized tantalum nitride layer (See page. 1, paragraph [0007]). 

It would have been obvious to one of ordinary skill in the art, at the time of 
invention, to use the oxidation process for converting tantalum nitride layer to oxidize 
the tantalum nitride of Stojakovic et al., in the stack layers of Kim et al. for it's known 
benefit of providing a hard mask structure for etching. As both reference disclose hard 
mask structures, and each disclose the use of tantalum nitride or oxidized tantalum 
nitride as a hard mask, the substitution of one hard mask layer for another would have 
been prima facie obviousness. The use of a known hard mask oxidized tantalum 
nitride, for its known purpose is prima facie obviousness. 

Regarding claim 2, Kim et al. discloses a metal conductor such as copper is 
planarized using chemical mechanical polishing (Page 6, 7 paragraph [0074]). Kim et 
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al. also discloses a conductive material such as copper has a low resistivity, which is a 
material of choice for sub-quarter-micron interconnect (See page 1 , paragraph [0007]). 

Regarding claims 3, 10 and 15 Kim et al. discloses a single dielectric material 
such as silicon oxycarbide 1 12 is deposited on layer 110 (page 5, paragraph [0061]). 

Regarding claims 5, 1 1 and 16, Figure 1 of Kim et al. discloses the dielectric 
layers 110, 112 and 1 14 "stack-up", where the hybrid dielectric known as a multiple 
layer for processing. 

Regarding claim 7, Kim et al. is relied upon as discussed above and disclose all 
of the claimed features as stated above except for the creating a patterned photoresist 
layer and etching the tantalum nitride layer prior to oxidation. 

Stojakovic et al. discloses patterning a photoresist layer and etching the tantalum 
nitride layer prior to oxidation (See page. 2 paragraph [001 1]). 

It would have been obvious to one of ordinary skill in the art, at the time of 
invention, to pattern a photoresist layer and etch a tantalum nitride hard mask layer prior 
to oxidation, in light of the disclosure of Stojakovic et al. which teaches patterning and 
etching a tantalum nitride hard mask prior to oxidation. It would have been obvious to 
one of ordinary skill in the art to pattern and etch the hard mask of Kim et al. prior to the 
oxidation as discloses by Stojakovic et al. for it's known benefit of patterning and 
etching a hard mask. The transposition of process steps would be obvious in light of 
the disclosure of Stojakovic et al. 
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Regarding claim 8, Kim et al. discloses all of the claimed features as stated 
above except for creating a pattern of photoresist layer and etching the oxidized 
tantalum nitride layer after the oxidation process. 

Stojakovic et al. discloses a patterning a photoresist layer and etching the 
oxidized tantalum nitride layer after the oxidation process (See page. 2 paragraph 
[0013]). 

It would have been obvious to one of ordinary skill in the art, at the time of 
invention, to pattern a photoresist layer and etch the oxidized tantalum nitride hard 
mask layer after the oxidation, in light of the disclosure of Stojakovic et al. which 
teaches patterning and etching the oxidized tantalum nitride hard mask layer after the 
oxidation process. It would have been obvious to one of ordinary skill in the art to 
pattern and etch the hard mask of Kim et al. after the oxidation as discloses by 
Stojakovic et al. for it's known benefit of patterning and etching a hard mask. The 
transposition of process steps would be obvious in light of the disclosure of Stojakovic 
et al. 

Regarding claim 9, Figure 3D of Kim et al. discloses a dual-damascene method 
of processing a semiconductor wafer comprising a base dielectric layer 305 having 
circuit elements and planarized flush with the surface thereof to which a subsequent 
electrical connection is to be made (See page. 8 paragraph [0087]), forming a cap layer 
310 over the base dielectric layer 305 and circuit elements, forming a dielectric layer 
312 over the cap layer 310 and forming a first hard mask layer (HM1) 322 over the 
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dielectric layer 312 and forming a tantalum nitride layer 324 over the hard mask layer 
(See page. 7 paragraph [0078, 79, 83 and 86]) and lithographically etching the tantalum 
nitride layer to form trench opening (See figure. 1). 

Kim et al. discloses all of the claimed features as stated above except for forming 
a second hard mask layer (HM2) over the first hard mask layer and etched tantalum 
nitride layer to an oxidation process to form an oxidized tantalum nitride layer. 

Stojakovic et al. discloses a method of forming a second hard mask layer (HM2) 
over the first hard mask layer and forming a tantalum nitride layer over the second hard 
mask layer and etched tantalum nitride layer to an oxidation process to form an oxidized 
tantalum nitride layer. Stojakovic et al. discloses a hard mask may comprises one or 
more layers made from titanium, tantalum, tantalum nitride, titanium nitride, titanium 
oxide, tantalum oxide, or any combination thereof, for example. As one example, the 
hard mask may include a tantalum nitride layer, a titanium layer over the tantalum 
nitride layer, and a titanium nitride layer over the titanium layer. (See page. 1 paragraph 
[0007]). Also see figure. 5 

It would have been obvious to one of ordinary skill in the art, at the time of 
invention, to use the first and second hard mask layer and forming tantalum nitride layer 
over the second hard mask layer and etch tantalum nitride layer to an oxidation process 
to form an oxidized tantalum nitride layer of Stojakovic et al. in the process of Kim et al. 
for it's known benefit of forming a hard mask layer and etching a tantalum nitride to an 
oxidation process to form an oxidized tantalum nitride layer. As both reference disclose 
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hard mask structures, and each disclose the use of tantalum nitride or oxidized tantalum 
nitride as a hard mask, the substitution of one hard mask layer for another would have 
been prima facie obviousness. The use of a known hard mask oxidized tantalum nitride 
for its known purpose is prima facie obviousness. The use of multiple hard mask layer 
is obvious in light of Stojakovic et al. which teaches to use multiple hard mask layer. 

Regarding claim 14, Figure 3D of Kim et al. discloses a dual-damascene method 
of processing a semiconductor wafer comprising a base dielectric layer 305 having 
circuit elements and planarized flush with the surface thereof to which a subsequent 
electrical connection is to be made (See page. 8 paragraph [0087]), forming a cap layer 
310 over the base dielectric layer 305 and circuit elements, forming a dielectric layer 
312 over the cap layer 310 and forming a first hard mask layer (HM1) 322 over the 
dielectric layer 312 and lithographically etching the oxidized tantalum nitride layer to 
form trench opening (See figure. 1). 

Kim et al. discloses all of the claimed features as stated above except for forming 
a second hard mask layer (HM2) over the first hard mask layer and subjecting the 
tantalum nitride layer to an oxidation process to form an oxidized tantalum nitride layer. 

Stojakovic et al. discloses a method of forming a second hard mask layer (HM2) 
over the first hard mask layer and forming a tantalum nitride layer over the second hard 
mask layer and subjecting the tantalum nitride layer to an oxidation process to form an 
oxidized tantalum nitride layer. Stojakovic et al. also discloses a hard mask may 
comprises one or more layers made from titanium, tantalum, tantalum nitride, titanium 



Application/Control Number: 10/708,648 Page 8 

Art Unit: 2812 

nitride, titanium oxide, tantalum oxide, or any combination thereof, for example. As one 
example, the hard mask may include a tantalum nitride layer, a titanium layer over the 
tantalum nitride layer, and a titanium nitride layer over the titanium layer. (See page. 1 
paragraph [0007]). Also see figure. 5 

It would have been obvious to one of ordinary skill in the art, at the time of 
invention, to use the first and second hard mask layers and forming a tantalum nitride 
layer over the second hard mask layer and subjecting the tantalum nitride layer to an 
oxidation process to form an oxidized tantalum nitride layer of Stojakovic et al. in the 
process of Kim et al. for it's known benefit of forming a hard mask layer and oxidizing 
tantalum nitride, layer and etching the oxidized tantalum nitride layer to form trench. As 
both reference disclose hard mask structures, and each disclose the use of tantalum 
nitride or oxidized tantalum nitride as a hard mask, the substitution of one hard mask 
layer for another would have been prima facie obviousness. The use of a known hard 
mask oxidized tantalum nitride for its known purpose is prima facie obviousness. The 
use of multiple hard mask layers is obvious in light of Stojakovic et al., which teaches to 
use multiple hard mask layers. 

Claims 6, 12, 13, 17 and 18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Kim et al. (US Pat. 2004/0214446) in view of Stojakovic et al (US 
Pat. 2005/0051820) further in view of Narwankar et al. (US Pat. 2003/0025146). 

Regarding claim 6, 12, 13, 17 and 18, Kim et al. and Stojakovic et al. are relied 
upon as discussed above and disclose all of the claimed features as stated above 
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except for the combined thermal and plasma oxidation process and where oxidation 
process comprises an oxidation environment with a N 2 0 flow rate between 500 and 
5000 seem at a chamber pressure between 1 and 10 Torr, a wafer substrate 
temperature between 250 degrees C and 400 degree C, a plasma power between 250 
Watts and 1000 Watts. 

Narwankar et al. discloses a thermal and plasma oxidation process (See page. 6 
paragraph [0080]). Narwankar et al. also discloses a method wherein the oxidation 
process further comprises: an oxidation environment with a N 2 0 flow rate between 500 
and 5000 seem at a chamber pressure between 1 and 10 Torr (See page. 6 paragraph 
[0080]); a wafer substrate temperature between 250 degrees G and 400 degree C (See 
page. 4 paragraph [0063]); a plasma power between 250 Watts and 1000 Watts (See 
page. 5 paragraph [0063]. 

It would have been obvious to one of ordinary skill in the art, at the time of 
invention, to use the thermal and plasma oxidation process of Narwankar et al. in the 
oxidation of the tantalum nitride of Kim et al. and Stojakovic et al. for it's known benefit 
as an oxidation process, oxidizing tantalum nitride layer to oxidized tantalum nitride. As 
both references are drawn to the oxidation process using thermal and plasma oxidation 
process a prima facie case of obviousness is established. 

Regarding claims 13 and 18, Narwankar et al. discloses a method wherein the 
oxidation process further comprises: an oxidation environment with a N 2 0 flow rate 
between 500 and 5000 seem at a chamber pressure between 1 and 10 Torr (See page. 
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6 paragraph [0080]); a wafer substrate temperature between 250 degrees C and 400 
degree C (See page. 4 paragraph [0063]); a plasma power between 250 Watts and 
1000 Watts (See page. 5 paragraph [0063]. According to Narwankar et al. these 
parameters can be adjusted, however, on the basis of empirical results, if required, to 
yield optimum results. 

It would have been obvious to one of ordinary skill in the art, at the time of 
invention, to use the oxidation environment with a N 2 0 flow rate between 500 and 5000 
seem at a chamber pressure between 1 and 10 Torr and the wafer substrate 
temperature between 250 degrees C and 400 degree C and the plasma power between 
250 Watts and 1000 Watts of Narwankar et al. in the oxidation of the tantalum nitride of 
Kim et al. and Stojakovic et al. for their known benefit as an oxidation process of 
tantalum nitride by thermal and plasma oxidation process. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Mohsen Ahmadi whose telephone number is 1-571-272- 
5062. The examiner can normally be reached on Mon-Fri 8:00am-5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Michael Lebentritt can be reached on 1-571-272-1873. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 
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